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WO 2006/067366 PCT/GB2005/004448 STABILISATION OF
RADIOPHARMACEUTICAL PRECURSORS The present invention relates
to a method for improving stability of non fluoridated 5 sugar derivatives,
WeRepcardcular glucose derivatives which are used as preBOFsGHSfsyo04443
production of radiofluoridated sugar derivatives for use in in vivo imaging
procedures such as positron emission tomography (PET). The invention
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Non fluoridated sugar derivatives such as 1,3,4,6-tetra-O-acetyl-2-O-
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months at 5'C, In the context of an automat d radiofluor
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‘Ejlol* aori process. There ore ere exists the need for a 20 method
to improve stability of non quorldated sugar derivatives such as mannose

iflate fadmpreye shelblife and prederaklycallowsstorage, ait@mb@@tcetyi 2-0-

temperature, for example, in the same package as th er reagents or
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IS runs contrary to Eectatlons as norma

cﬁé@rddamommi@lﬂ perngnsctdliaie decurnpiasgatcRifin Ebﬁﬁk%ﬁon%éxf of an
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trlf ate in an 30 organic solvent has the further. aEI ebtélg br ds% aratel
AirshagiroignhtfBis means that the mannose tnfla p y
from the other reagents and assembled into the cassette by the operator prior to
running the radiofluoridation process. Therefore, there exists the need for a
method to improve stability of non fluoridated sugar derivatives such as mannose
triflate to improve shelf-life and preferably allow storage at ambient temperature,
for example, in the same package as the other reagents or as part of a

preassembled cassette.

The present inventors have surprisingly found that by storing a non fluoridated
sugar derivative, such as mannose triflate in an organic solvent rather than as a
dry powder, the stability is improved. This runs contrary to expectations as
normally degradation would be expected to occur more quickly in solution.
Presentation of a non fluoridated sugar derivative, such as mannose triflate in an
organic solvent has the further advantage that, being already in solution,
dissolution of the non flucridated sugar derivative, such as mannose triflate prior

to performing radiofluoridation can be avoided which may be particularly
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dissolution of the non fluoridated sugar derivative, such as mannose
wiofiasgqariag to performing radiofluoridation can be avoided ‘ﬁ’mﬁﬁlﬂ%&ﬁm
particularly -1 WO 2006/067366 PCT/GB2005/004448 advantageous in
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|mprovmg stability of a non fluoridated sugar derivative which comprises
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container. The solvent used in the method may be an aprotic solvent (as

foehmRe AReraaRiliy petdiiy Sharpivee %&ﬁ%ﬁlﬁr‘%w&b‘f@’ﬁi‘oﬁ&r’é’éﬁféﬁfgmge of said
noslngeiGdbaleahals:farve xample sneihasalicatbanahdsopropanol,

isobutanol, acetone or octanol. The so solvent used may be dry, meaning
having a water content of 20000 ppm or less, suitably 1000 ppm or less,
mbeessiviéablys b than@abqgrhman sk e fepabii: mgethaasl:ﬂﬁﬁnm nhore fuliy

g G Rediment ggyemesgrmﬂago %%c'tg&@g%@n gc;?a QN sor

oridated 15 sug rivative Is stor d In the same so I be
(EETSiD serfnantly piRBOK ISPRIARGANG akRIPHTIRE, aa;zﬁaysgrpéma@wp The

Qi HARVREERRRNAN O BT iRt HaR ink hErRIR B SIRERRAR G BR 80 BPH’%r less,

aspect of the invention, there is provided a method for improving stability
0?%@% ?I%Q)Qlﬁﬁ%&’@ﬁaﬁr'agmm RHiles T HrRprieRY BRIFagEbPERIRIaRbHess

fenandetedmstigar derivative in an aprotic solvent in a sealed container. 20
Suitable aprotic solvents forthis purpose include acetonitrile,
dimethylformamide, dimethyisulfoxide, tetrahydrofuran, dioxan,

h2dinathexuathane tmﬁﬂim and dumethypyvaiidinone toweves fluoridated
acetonitrile has been f 0 be a particular e solyen ‘
AT B oot OSSR Bt s B Ty B8 G aARy AR i the
chnteriaotd 08 impm idnsteam}aslmbmmsrﬁpanfmpmmﬁmdap nﬁﬁnabﬂmndation.
195 10D 100RRe: 0 a0 ARIAE S PR R ALNGIVADHRRNG « method for

apro IC solvent USE may have a Water content O etween 1 ppm an
50000ppa stability of a non fluoridated sugar derivative which comprises storage of said

non flueridated sugar derivative in an aprotic solvent in a sealed container.

Suitable aprotic solvents or this purpose include acetonitrile, dimethyliformamide,
dimethylsulfoxide, tetrahydrofuran, dioxan, 1,2-dimethoxyethane, suifolane and N-
methyipyrrolidinone. However, acstonitrile has been found o be a particularly
suitable solvent for storage. The aprotic solvent used may be dry, meaning having
a water content of 1000 ppm or less, suitably less than 600 ppm, and preferabiy
less than 100ppm. In an alternative embodiment of the invention, the aprotic
soivent used may have a water content of between 1000 ppm and 50000ppm,
suitably a water content of 1000 ppm to 15000 ppm, more suitably 1500 ppm to
7000 ppm or 1800 ppm to 7000 ppm, and more suitably 1500 ppm to 7000 ppm or
1800 ppm to 2500 ppm. Using an aprotic solvent with such a controlied water

content has the added advantage that the non fluoridated sugar derivative may be
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suitably a water content of 1000 ppm to 15000 ppm, more suitably 1500
ppm to 30 7000 ppm or 1800 ppm to 7000 ppm, and more suitably 1500
ppm to 7000 ppm or 1800 ppm to 2500 ppm. Using an aprotic solvent

rg\égrr}]tsajgg ao?ﬁnt}gogae\g vgatt}?r content has the added advantage that the
PFHGR Tiuoridated Sudar derVar e i bk e suuemdarmadniturenavingpequent
radivlopticuion wateioootitentvordper ibemisglasulisequentaradiofiearidationmple

, Iding the to adjust the water content, for example
b}{)%/%g ﬁ%ir%%%é%@é%}%&&%ﬁgf Ifl}hr’%i!glf %ast%lrv 8l'solvent. In a first aspect,
there is provided a method for improving stability of a sugar derivative of
Infp bl aspycObgreps profided COOPE Winanemolyiiszasiaaling§ rostpantk Ml aive
oftRRdurergach a suitable protecting group; which comprises storage of
said sugar derivative in acetonitrile solvent in a sealed container. In a

second aspect, there is provi &S fgrmulation of a sugar derivative as

defined above comﬁr&mﬁﬁ:&%tive, and gpetonitrile solvent

in a sealed container,pvy@ i e e solvent has a water content

of between 1000 ppm and 50000 ppm, suitably a water content of 1000
Whspertd- 15006 3ypra, amore Suitéblip I506rpraToa7a0RbRPPIoYetint0iup; which

' : 0 In a third aspect, there is provided a .
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pathways, a reaction vessel, and ports for receiving reagents vials,

mostienak selickphase ©dractien saritss;and idher compising &y q s ooy
formation of a non fluoridated sugar derivative as define atlloove. S use%lb
CORIHEIN EE e RE M AFH AW rABk SERISIN At ontient ofaediventsipkremtherein

thEgansRERMINAIRrgram. Suitaklnthe %@%@Wé&a‘ﬁ%m AGV NG 'S pm,

ent in the solvent, suitably an a{)rotic solvent at a co tration

pr
Sué@%ivdafd?aﬁgrm%og ég%%é@%m 5000 ppm. more suitably 1500 ppm to 7000
ppm. yet more suitably 1500 ppm to 2500 ppm.

In a third aspect, there is provided a cassette for an automated synthesis apparatus
comprising fluid pathways, a reaction vessel, and ports for receiving reagents vials,
optional solid-phase extraction cartidges. and further comprising a formation of a non

fluoridated sugar derivative as defined above.

As used herein, the term “ppm” , when describing water contentof a given solvent,
means pgram water/gram.

Suitably, the non fluoridated sugar derivative is present in the solvent, suitably an
aprotic solvent at a concentration suited for performing a subsequent
radioflucridation reaction, for example from 0.1mg/ml to 50mg/mi, more suitably
omg/ml to 25mgiml, even more suitably 1 Omg/mi to 18mg/ml. in one particular
embodiment, the non fluoridated sugar derivative is presentin the solvent, suitably
an apratic solvent at a concentration of 15mg/ml. In a further embodiment, the
non fluoridated sugar derivative is present in the solvent, suitably an aprotic
solvent at a concentration of 17.5 to 21.5rng/ml.



radiofluoridation reaction, for example from 0.1 mg/ml to 50mg/mi, more
suitably 5mg/ml to 25mg/ml, even more suitably 1 Omg/ml to 18mg/ml. In
one particular embodiment, the non fluoridated sugar derivative is present
in the solvent, suitably an aprotic solvent at a concentration of ISmg/ml. In
a further embodiment, the non fluoridated sugar derivative is present in
the solvent, suitably an aprotic solvent at a concentration of 17.5 to
Sbitabig/sdals] Soiteite scate thosategiriensianeatiotagivathdbenmtirtaractvith
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permit maintenance of sterile integrit y anine pace
gaequely. tikpogeiverilyrgBrinafHisedsrecs iRy &g perraEencea G, avflst
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as-tight jars, tflasks, ampoules and vials, the seal belnq provided by a
QATIG R BrYE i '8@%&%%?&?‘9 13 R RSB RPRGCISE BRhY IS, the seal
pesfermmdsdet bprddigeidiighseptyas-sigaledoaialevduetensthe hsstighier, or
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removal of the solution from the container. Usin%the methods described

FERITPIEHE ABANGGINEAIRRFSRESE S8R NRIRR TS /i rep iithkiagd an

pREasie afi?a] &yseanmaeeofaikidraneienipyto dBHpeenihtonFuiiaithele ttefer.
months, more suitably for up to 8 weeks, at temperatures at or below

ambient, for example at -10C to 35C, suitably 1 O'C to 35'C. As
M@W%W@B@G@QGT@&PM@BM@@M magswm be
LR IRPLILIRELA P LBIS WAl conysRieRl, Indhealiernatves hekhs,

is provided a formulation of a non fluoridated sugar derivative comprising

Sy HREHE e EEgRICIR AHERDY, tihd'R R ¥EKsa & iaprayatures at or
assbrinehias dersdxachbrrainbefore J4re salvapkaresert s theas mentioned
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formulation may be an aprotic solvent or a protic solvent as described
above. In the alternative, there is further provided a formulation of a non
fluoridated sugar derivative comprising said non fluoridated sugar
VA0 3%hd an aprotic solvent 1o in a sealed container 85 HEE2AbER4443
hereinbefore. In the present specification, the term "non fluoridated sugar
dbuvatistetagéess 4mbiepbipsapetvickis gl bsstahasiveadisatcharide or
monosaccharide sugar in which one of the OH groups is replaced by a
leaving group and the other OH groups of 15 the sugar are each optigréﬁll /.
r

proteetetiometiees darsdpsritng griendatenmeh annsndieddalg
derivativesarsaviabhaderyinprighmenosreduidtvaushds glivensdn a

fructose, ribose, arabinose, mannose grgalactose, most suifably gl e

geAtrsived BERT AR RRTIRRSH RN deriv 'vessc"ﬁrggé fﬁ%ﬁ%ﬁgoﬁ the

iRyatignoarmdhose niHomtiosolije ROParGticlyenf psRES Qb8 erein

L is a leaving group and P1 to P4 are each a suitable protecting group. 25

Suitable protecting groups which may be present in the non fluoridated

dugae dervative shese ds fudhetnvevided afermaliaieonham andaaridated idar
ibed, for e: i j HHGagRNiIENI ARSIt solvent

o T enee by o Wiy &

o ashried ReaRRAGSHREREA G SFINFEHEsen will depend upon the

intended process for preparation of the 30 fluoridated product but, for

le, the hydrox h t .
R R R R B Pt
200 ¢4a6ZR66IR CTHGE2 005/ digochitaseANes 2 R sHgRy In which

AlCMBUNE W YR G TRURR B2PY, 2 1 EQAME BiBup and the other OH groups of
the sugar are each optionally protected with a suitable protecting group. Such non
fluoridated sugar derivatives are suitably derivatives of monosaccharides such as
glucose, fructose, ribose, arabinose, mannose or galactose, most suitably glucose
derivatives. Particular non fluoridated sugar derivatives used in the invention are

those of formula (I):

oP,
P,0 L 0
OF

P,0 3

wherein L is a leaving group and P4 to P4 are each a suitable protecting group.

Suitable protecting groups which may be present in the non fluoridated sugar
derivatives used in the invention are well known in the art and are described, for
example, in "Protecting Groups in Organic Synthesis”, Theodora W. Greene and
Peter G. M. Wuts, published by John Wiley & Sons Inc. The particular protecting
group chosen will depend upon the intended process for preparation of the
fluoridated product but, for example, the hydroxy groups may be protected by

conversion to alkyl or aromatic esters, for example by reaction with an alkanoyl
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to ethers, for example alkyl or benzyl ethers. Preferably, the protecting
groups P1 to P4 are each an acyl group. s Suitable leaving groups are
also well known in the art and include arylsulphonates such as toluene
HASAHPE7 ¥4 l0alkylsulphonates, and alkylsulphonates such™s Ak 442
sulfonate. It is particularly preferred, however, that the leaving group is a

dliforine sethascseatio nhteridei AU Hase Mo XA GIRIRE RetEhR ARy Arted
%‘?{t&%?%?%?@g%gféié(l@g‘r’&riﬁeh%/%%@!{a@e@@lﬁb?the protecting groups Py
-trifiuo

romethanesulfonyl-,6-D-mannopyranose, commonly referred to as
tBnABRE3RNAB ePMLUTHEe triflate is a commercially available non

fluoridated sugar derivative which is used as a precursor for synthesis of

%##%Egg?g%%g%%@%% %%E@%%%g{%ntpnetﬁéoéﬁ%tﬁg i%ﬂ&@%ﬁiphonates

glucose

datiaasechyliescadonzgt dosestnfripynatenoind Bidppphaiaips such as

Pl RdliRgindaac AR HAAARSE HIRR A HB SRR R akup is 2

gg)%onal y contain further ingrediénts such as buffers; pharmaceutically
aiteprometiansomiionrale. (ridoled §6%4Ans or surfactants such as 20
Pluronic, Tween or phospholipids); pharmaceutically acceptable

stabilisers or antioxidants (such as ascorbi¢ acid, gentisic,acid, =~ o
B D0 R L G S L Sy e A o2
qbarmgéhﬂdgahaa@umt%mﬂmr@wmerp@m_ﬁ@nt}'e_ oekuced o as
DSiente (RaKCIdRILIRSIE ReRtble sechahilieiRabaniaRA fusAdated

[
d Ive'may be’produced in as pure a form as possible 25 for

ssilgaggenvalbe iwhishris NeeRag AP Eesen o maiassie SbaulEiyREe-D-
?ché‘éthmﬁ@@e%{ ipedpheseidnivdiaBdhagnfbrortaies dega0-acetyl-
e

rivative and solvent are present in the se%eéi% ontainer without further
r

imyalerase (tetmacaiiirodearysi¥eh how often prepared on

an automated 3o radiosynthesis apparatus using nucleophilic

SRR Y nrons GrummERiRo e

alraitattien inolaglingMticicaabovtaiC oifvsiiencdngredients such ads buffers;
pharmaceutically acceptable solubilisers (e.g. cyclodexirins or surfactants such as
Pluronic, Tween or phospholipids); pharmaceutically acceptable stabilisers or
antioxidants (such as ascorbic acid, gentisic acid or para-aminobenzoic acid). And
such ingredients may be added as part of a method according to the invention.
However, presence of such ingredients is avoided where possible so that the
radiofluoridated sugar derivative may be produced in as pure a form as possible
for subsequent use in an in vivo imaging procedure. Therefore, formulations and
methods as described herein in which the non fluoridated sugar derivative and

solvent are present in the sealed container without further ingredients.

Radiotracers, such as [wF]FDG are now often prepared on an automated
radiosynthesis apparatus using nucleophilic radioflucridation chemistry with B
based on the reagent Kryptofix™ 2.2.2. There are several examples of such

apparatus commercially available, including Tracerlab MX (Coincidence
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WO 2006/067366 PCT/GB2005/004448 Technologies SA) and Tracerlab
FX (Nuclear Interface GmbH). Such apparatus commonly comprises a
cassette, often disposable, in which the radiochemistry is performed,
WRiIEHPLEHEER to the apparatus in order to perform a radiosyRtHEeRs 00 fRks48
cassette normally includes fluid pathways, a reaction vessel, and ports for

STietwivingiee Sgerandalscasied Fs(nylsandnirriace bt Pushaggasatus

Ué&ﬂﬁﬂbrfﬂ? shtadiosyelc.Heasdn éi%ﬁﬁ?afbi@rm WA &ifieBhemistry is

fluoridated sugar derivative as described herein may be, housed |

[ na .
dnspisseisd srtehisvilbne Lt RBRMEIYR Y TSRSl RRAIAR ddadiesiiiss's:
?Yﬂ@@ﬁ&%@f@ﬂfgtﬁéuﬁ hesefienithe paventios, fa rtbed]:ctmwild&a sadgeites for

or an automated synthesis aratus comprisin [ tion. .
RS RARG EHRE TAT0 S SRR 2 A T R s b o
deostativio symthatisalleent uip atspaled container as described herein

before. As demonstrated herein, the improved stability of the non
fluoridated sugar derivative when stored as a is formulation according to

&L is : ng
thie fmveniatiames ansan dupridatek suasc e Reaing AfetesoiRpo e with Ry be

of ine Laapenisdeavitssldosthefiunddrtieadsagtionesupent for the with the
radiofluoride, and the cassette can be stored gt ambient temperature thys
anyiamgtate HEReRls RrRgSLbn. U %r%v%ﬁigﬁv?g‘rhm%tflé@(? b REY S @

obthe siappiesbalavisa whittethedotianatng cablpeviagerforarelatgmdohinon

or.mannose triflate: . . .. . . N

ST Re e derivatiue samBrising §aid non fuordated sugar derivative, and a

25d4RpON kighatetiopniaines dgdrseihedhatyrbsivrarAftemagstrated herein,
CHAMBUYMYadliERECIRE RGP niRAaReNIGghPHER A @/hen stored as a

S
2-fluoro-1,3,4,6-tetra-O-acetyl-D-glucose 30 .
formulation according to the invention means that the cassette can be provided

complete with all of the reagents required for the fluoridation reaction, except for
the radiofluoride, and the cassette can be stored at ambient temperature thus
avoiding the need for refrigeration.

The invention is illustrated by way of the examples below, in which the following

abbreviations are used:

MT or mannose triflate: 1,3.4,6-tetra-O-acetyi-2-O-trifluoromethanesulfonyl-g-D-
mannopyranose.

HPLC: high performance liquid chromatography

IR: infrared spectrometry

UV: ultraviolet

RCP: radiochemical purity

pFDG: 2-fluoro-1,3,4,6-tetra-O-acetyl-D-glucose

Example 1: Stability of Mannose Triflate in drv acetonitrile

8-



.10

15

20

25

30

Example 1: Stability of Mannose Triflate in dry acetonitrile -6 WO
2006/067366 PCT/GB2005/004448 With reference to the Figures: Figure
1: HPLC-UV chromatogram of Mannose Triflate from ABX (solid material)
WOSHYHre 2: HPLC-UV chromatogram of Mannose Trifft& fiBHPXE%43
(dissolved in 5 acetonitrile) at start. Figure 3: HPLC-UV chromatogram of
Méthreses ahiftate frenrigBXs(solid material) stored for 2 weeks at 50 C.

?‘a"%kﬂ'i% 4 HRLE Y SPGBk MABRESE AR OB A BYlid material)

ISsolved In acetonitrile) stored for 2 weeks at 50 DC. 10 Materials:
AéstaRitrile (MeCN): VWR/Merck, 4L, water content approximately

G99pRM: NManDase HiiataAdirad beMurecsealitifidty frotts AR sdibsaled in
ml Glass vials élem),Munnerstaadter. 15 Stoppers: West 4432/50 gray
BERINFISIGH ciifed. Caps: Helvoet Pharma Experimental 20 Glass

vidsite heHipsatldvedtinentdiefpeerusidvinrabytr Eriflada fro tiBet (sotid o@tryial)
58p09%5580§%)&Bg%r%ﬁesaqtéreated in any way. 2.0 g Mannose triflate was

weighed'into an Erlenmeyer flask and dissolved in 133 ml dry acetonitrile

tGiglaiel 4nHiRSeobivihsomaieamaafdMaaeash fhEBateDrEBIifh (48spied in

rapido s [ SRRREHE D ag-3ReES0PeaMe in contact with the acetonitrile.
Dispensing: This solution was dispensed using a 10 ml glass volumetric

cylinder into vial samples of approx. 4.2-4.4 ml.
Materials:

Acetonitrite (MeCN): VWR/Merck, 4., water content approximately 600ppm.
Mannose triflate ABX: Ultra-pure quality 1g units,

Vials: Fiolax 5 mi Glass vials (13mm),Munnersteedter.

Stoppers: West 4432/50 gray 13mm, Teflon coated.

Caps: Helvoet Pharma

Experimental

Glass vials to be used are dried before use in a Lytzen heat sterilizer at 210°C for

5 hours. Stoppers are not treated in any way.

2.0 g Mannose triflate was weighed into an Erlenmeyer flask and dissolved in 133
mi dry acetonitrile to yield an acetonitrile solution in an exiraction hood. Dissolution

was rapid, solid disappeared as soon as it came in contact with the acetonitrile.

Dispensing: i
This solution was dispensed using a 10 mi glass volumetric cylinder into vial

samples of approx. 4.2-4.4 ml.

Control samples of mannose triflate (without solvent) under air and under nitrogen

were also prepared.
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30 Control samples of mannosetriflate (without solvent) under air and
under nitrogen were also prepared. -7 WO 2006/067366

PCT/GB2005/004448 Filled and capped units are kept in storage at 25'C
‘%ﬂ&”@ﬁ%ﬁﬁhermally controlled cabinets for set periods of f (U448

"pull points™” a vial was removed from storage and subjected to the testing
outlined below. 5 Test methods used: Non-radioactive methods (cold)

r : r / i | i 160RIrEY ermall
A R e e A kil

sontiledrabinelxiaveehparioteRidsyrsAlVRIRL BEY EIBIR) 2uighiRs removed
GirhiaspNscleosi 320148 ROASKaMPeatiednisinjection volume

20pl; mobile phase of water acetonitrile gradient, 1 ml/min. Detection by
spectrophotometer at 220nm. Radioactive methods (hot) performed :
Radiotahsdingus: 18F" in a glassy carbon reactor (all pull points). Each
dry sample of mannose triflate (20mg) is dissolved 20 in dry acetonitrile

(1.6ml). Forthe mannose.triflate stored in acetonitrile, an aliquot (3.3ml)
wasreioactivardethods (eeld)perfoimeacetonitrile and 1.6ml of this

solution W@&gg%%y@égﬁm@ggl{m,t%blﬁpbgg}Q§amples taken after 2

weeks storage at 50'C, a 1.6ml sample of the mannose triflate solution
was used HFE¥HRY WithSuH MR HHIBEBIE in all cases, the radiolabelling
was perfoftpadgfiestlpingaatan 18F solution of Kryptofix 2.2.2 (19.4mg),

potassium carbonate (41.0 acetonitrile (0.32 ml) and water (0.04ml)
S B an g T8 Pt

for 4 minu ng est solution of mannose triflate in
acetonitrile. The labelling reaction was carried

HPLC Method: octadecylsilyl silica gel (5pm) column (Hichrom Nucleosil 100-
5C18), temperature 25°C; injection volume 20uk; mobile phase of water :

acetonitrile gradient, 1mi/min. Detection by spectrophotometer at 220nm.

Radioactive methods (hot} performed : Radiolabelling with BEin a glassy carbon
reactor (all pull points). Each dry sample of mannose triflate (20mg) Is dissolved
in dry acetonitrile (1.6mi). Forthe mannose triflate stored in acetonitrile, an aliquot
(3.3ml) was removed and diluted to 4.0ml with acetonitrile and 1.6ml of this
solution was used in the radiolabelling test. For the samples taken after 2 weeks
storage at 50°C, a 1.6ml sample of the mannose triflate solution was used directly
without further dilution. In all cases, the radiolabelling was performed after drying
an ®F solution of Kryptofix 2.2.2 (19.4mg), potassium carbonate (41.0mg),
_acetonitrile (0.32 mi) and water (0.04ml) for 4 minutes at 80"C before adding the
test solution of mannose triflate in acetonitrile. The labelling reaction was carried _

out at 80°C for 4 minutes in a glassy carbon reactor.
Results;
HPLC-UV traces for the solid mannose triflate control experiment and the

8-
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out at 80'C for 4 minutes in a glassy carbon reactor. 30 Results: HPLC-UV
traces for the solid mannose triflate control experiment and the -8 WO
2006/067366 PCT/GB2005/004448 acetonitrile solution of mannose
WiRAEeAE ¥hown in Figures 1 and 2 respectively. Mannoser{riffSfE? P s
at 32.5 minutes. After 2 weeks storage at 50C, all samples of mannose
trifeterstokesthsgidnoBEnwdes et skhavandniapstestiior 2opspestively.
aci -A}'B@Eliﬁl;%@%ﬂéﬁsﬁvﬁ%ﬁtﬁﬂmgz IR showe_d that the.ma.terial was

no fonger mannose tritflate. The HPLC-UV trace is shown in Figure 3, no
mannose triflate was detected. After 2 and 4 weeks storage at 50C, the
Sﬂ‘ﬂﬂé@@%é@‘a&%\iﬁ%s howeer aveeminestibaanress aifthleakterkd as dry
unchanged. Results from HPLC-UV showed Oélg(fpeak [ Olcragepoq %%ng WaS

dBPIRAHATS AP BRI P BT OR) PEE At

abelling in A glassy
cathnpiedctin ahtiwelzérst dnd adterristovagenfoialifferenepeciselddaBocThe

a in table 1. 15 Ta | ¥ (
AT RS (G e e e Wt
(air) 020 1.6 86 Control (N2) 0 20 1.6 82 Control (N2) 0 20 1.6 93
“g@??%ﬁ%%é@s%%e@@mﬁ@&%ﬁﬁm ifile0teRiIe Rwever, were
(15mg/ml)
stili colourless and looked unchanged. Results from HPLC-UV showed one peak
indicating no degradation of MT (Figure 4).

Results from radiolabelling in the glassy carbon reactor at time zero and after
storage for different periods at 50°C are shown in table 1.

Table 1

Sample Storage Time | MT (mg) Acetonitrile pFDG
{(weeks) (mb) RCP%

Control (air) 0 20 1.6 87

Control (air) 0 20 1.6 86

Control (Ng) 0 20 1.6 82

Control (N2} 0 20 1.6 93

MT /acetonitiile | O 20 1.6 a1

{(15mg/ml)

MT/acetonitrile ; O 20 1.6 92

(15mgfmi)

MT/acetonitrile | 2 24 1.6 86

{(15mg/mi)

MT/acetonitrile | 2 24 1.6 85

(15mg/ml}
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MT/acetonitrile 2 24 1.6 86 (15mg/ml) MT/acetonitrile 2 24 1.6 85
(15mg/ml) -9 WO 2006/067366 PCT/GB2005/004448 MT/acetonitrile 3
20 1.6 65 %Smg/ml) MT/acetonitrile 3 20 1.6 90 (15mg/ml)

ile 4 20 1.6 88 (15mg/mi) MT/acetonitrile 4 20 156 §d2005/004448
(15mg/mi) MT/acetonitrile 8 20 1.6 76 _(15mg/ml).MT/acetonitrile 8 20.1.6

BT fcsiagitrile C8nclusion: Thé @dmbination of §6od labelling| &% good
Qlffgﬁf&m tability by HPLC even after 8 weeks at 50C leads tp the
conclusion thatia clear stabilisation has bheen.§.achieved by dissolving-MT-

iM&@@HWFT@@E%mpIe 2 : Stabf®y of mannose'tffflate in acetpRftrile/water
lear mfe_thod to Example 1, the stability of mannose tiiflate in

vith-water.at-level of-approximateN—425-1450-and
at-1eveL-0t-approe

XITTICA

fé@@f?&f‘ﬁ%@f’?ﬁ\faluated. Resul%élfrorr’r:’radiol bgﬁsln;lnf[;\fguglaggy carbon

reggrey/attime zero and after gtorage for different periods at 30C are

chown.in.t 10 \AO 200 A
\VAR'A'AW Eraviv)

hewn-in-table 21 6/067366-PCTIGR2005/004448
MT/acetontrite T4 ) ] a0

(15mg/ml)

MT/acetonitrile | 8 20 1.6 76
(15mg/mil)

MT/acetonitrile | 8 . 120 1.6 05
(15mg/ml)

Conclusion:
The combination of good labelling and good chemical stability by HPLC even after
8 weeks at 50°C jeads to the conclusion that a clear stabilisation has been

achieved by dissolving MT in acetonitrile.

Example 2 : Stability of mannose triflate in acetonitrile/water

Using similar method to Example 1, the stability of mannose triflate in acetonitrile
with water at level of approximately 725, 1450, and 2500ppm was evaluated.

Results from radiolabelling in the glassy carbon reactor at time zero and after

storage for different periods at 50°C are shown in table 2.

-10-




Table 2 Sample Water Storage MT (mg) Acetonitrile/ pFDG Content Time
water(ml) RCP% of MT (weeks) solution (ppm) MT/acetonitrile 2435 0

20 1.6 90 (15mg/ml) MT/acetonitrile 2435 0 20 1.6 78 (15mg/ml)

W 7386 nitfile 1402 0 20 1.6 93 (15mg/ml) MT/acetonitrile FAZBGRAG5 {01448
89 (15mg/mi) MT/acetonitrile 725 0 20 1.6 92 (15mg/ml) MT/acetonitrile
2199820 1.6 91 (15mg/ml) MT/acetonitrile 2499 2 20 1.6 76 (15mg/mi)

SET e o S P e
0524 4 20 1.6 87 Compig/mijime water(ml) RCP%
of MT ; (weeks)
solution
| (Ppm)
MT/acetonitrite | 2435 0 20 1.6 90
(15mg/ml)
MT/acetonitrile ;| 2435 0 20 1.6 78
(15mg/ml) _
MT/acetonitrile | 1402 0 20 1.6 93
(15mg/mt)
MT/acetonitrile | 725 0 20 1.6 89
| (15ma/mi) '
MT/acetonitrile | 725 & 20 1.6 92
(15mg/mi)
MT/acetonitrile | 2490 2 20 1.6 o1
{(15mg/mi)
MT/acetonitrile | 2499 2 20 1.6 76
{(15mg/mt)
MT/acetonitrile | 1450 2 20 1.6 94
{(15mg/mi)
MT/acetonitrile | 1450 2 20 1.6 o1
(15mg/ml)
MT/acetonitrite ; 2524 4 20 1.6 96
{15mg/ml})
MT/acetonitrile | 2524 4 20 1.6 87
(15mg/ml)
MT/acetonitrile | 1470 4 20 1.6 87
{15mg/mi})
MT/acetonitrile | 1470 4 20 1.6 87
(15mg/ml)

11-
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25

MT/acetonitrile 1470 4 20 1.6 87 (15mg/ml) MT/acetonitrile 1470 4 20 1.6
87 (15mg/ml) -11 WO 2006/067366 PCT/GB2005/004448 Comparitive
Example Stability of dry powder mannose triflate Dry powder mannose
WitZteeRES%tored in vials at different temperatures and for Btdifrérefit/ fiiss
periods. Radiolabelling method A solution of potassium carbonate (41 mg
of potassium carbonate in 40pl water) was added to a glassy carbon
reactor and then a solution of kryptofix 222 (19.4 lo mg in 320pl) was
e in water (0.05 ml) was
. @B IR QA SARARNOPRANRIth a flow of
dnyyisaden (aihidsbtiararinadssolat on \ehlk, 3141 fieetrt-OravetyluPe®and for
tr'fJgporomethanesuI onyl-/3-D-mannopyranose (20 mg in 1.6 ml dry
% ?6%&?&55‘%5‘%* &8h added and the reaction heated for a further 4
minutes at 80 C. The is reaction was then cooled to 50C and a sample

r%%%%%@ﬁgﬂ?“by ITLC (Instant thin layer chromatography) on TLC

! ilica gel 60 F254 eluting with 95% acetonitrile, 5%
visselutivr obRmieswILEA BANEI WS | AR OfReP SR RarPaRg 8N 40ul water)

]w%éf&E%Eft@?@%@é@ﬁ%ﬁ'{e@cma@ﬁ@RM&nQS&;)EﬁQimﬁc&t&};ﬁ_f)meQZ (19.4
sugar and iree tiuorige the sole tw omponents fro reaction).

KB 290 Y FALREASERTAL S Lh o T8 T s M Godioialss 0.0
Ganditienaidad tine9e RO deaigs! yderadin® By Sarddeingmed d flow of
d&%@ﬁ?&r‘éée%‘ee@%ﬂﬁtr‘é%ﬂﬁfn‘ifyst%%tion of 1,34 6-tetra-O-acetyl-2-O-

trifluoromethanesulfonyl-g-D-mannopyranose (20 mg in 1.6 mi dry acetonitrile)

was then added and the reaction heated for a further 4 minutes at 80 °C. The
reaction was then cooled to 50°C and a sample removed for anatysis by ITLC
(Instant thin layer chromatography) on TLC aluminium sheets siiica gel 60 F254
eluting with 95% acetonitrile, 5% water. The radiochemical purity was calculated
from the ratio of 1,3,4,6-tetra-O-acetyl-2-fluoro-g-D-mannopyranose to the total of
the sugar and free fluoride (the sole two components from the reaction). Results

of the radiolabelling are shown in Table 3.

Table 3.

Storage Conditions and time Y% RCP
0 days under air 87

0 days under air 86

1 day @ room temperature under dry Nz | 82

1 day @ room temperature under dry Ny | 93
127 days @ 25°C under air 1
5 days @ 50°C under air. 5

The data support significant instability of the mannose triflate at room temperature

which is much worse when heated to 50°C. The mannose triflate soon becomes
black at elevated temperatures and becomes increasingly difficult to dissolve in

acetonitrile.

42-



1 day @ room temperature under dry N2 93 127 days @ 25C under air 1
5 days @ 50C under air. 5 The data support significant instability of the
cmapnose triflate at room temperature which is much worse when heated
"C. The mannose triflate soon becomes black at elevated
temperatures and becomes increasingly difficult to dissolve in 25

cetonitrile, -12 Claims. 1. A.met ri ing: stability of a sugar

1. 5 Crp Ty BT S D R B aherein & 1 5

of feavimg ¢ghoup and P1 to P4 are each a suitable protecting group; which
comprises storage of said sugaggerivative in acetonitrile solvent in a
sealed container. 2. A method ac ing to claim 1 wherein, in the

8 acyl. 3. A methéd according to
claim 1 or 2 wherein, fcthe.cempoundo Grmula (1), L is trifluoromethane
sulfonate. 4. A method according to any one of claims 1 to 3 wherein the

wheighy Hdmairavirg group and Py to Py are each a suitable protecting group;
1,3,4,6-tetra-O-acetyl-2-O-trifluoromethanesulfonyl-f3-D-mannopyranose.
5. A method according to any one of claims 1 to 4 wherein the acetonitrile

whigi\ SRImaKss SvAler 29mtehtSHd cotopp A eSivabesin s Rl iRaRdvent in a

scBRY.cHFeigsably less than 100ppm. 6. A method according to any one of
claims 1 to 4 wherein the acetonitrile

2. A method according to claim 1 wherein, in the compound of formula (1), P4 to

P, are acyl.

3. A method according to claim 1 or 2 wherein, in the compound of formula (1), L

is trifluoromethane sulfonate.

4. A method according to any one of claims 1 to 3 wherein the sugar derivative

is 1,3,4,8-tetra-O-acetyl-2-O-triflucromethanesulfonyl-3-D-mannopyrancse.

5. A method according to any one of claims 1 to 4 wherein the acetonitrile
solvent has a water content of 1000 ppm or less, suitably less than 600 ppm,

preferably less than 100ppm.

6. A method according to any one of claims 1 to 4 wherein the acetonitrile
solvent has a water content of between 1000 ppm and 50000 ppm, suitably a
water content of



solvent has a water content of between 1000 ppm and 50000 ppm,
suitably a water content of - 13 1000 ppm to 15000 ppm, more suitably
1500 ppm to 7000 ppm, yet more suitably 1500 ppm to 2500 ppm. 7. A

106095084 RCeadn pEPrampac ataamsdote Shwhereindhpsealedmare suitably

container is_ a septum-sealed vial. 8. A formulation of a sugar derivative
150 RRIEFRPARPBhe of claims 1 to 4 comprising said sugar derivative,
and acetonitrile solvent in a sealed container. 9. A formulation according

to clai wherein the acetonitrile splvent,has ater. content of 100Q .. .
7. B kel R A S SR 1 B P R ghptainer
a skptukfeaalddtionl.of a sugar derivative as defined in any one of claims 1 to
- 4 comprising said sugar derivative, and acetonitrile solvent in a sealed
container, wherein the acetonitrile solvent has a water content of between
8. 160fpppriatied 8DGOEYSRN JstiivabiKeadvatelibehtdntasTyLO08 spnsiedms 1 to 4

co 12)9!@91@@%](1 @Q%Qrsé@ﬁ\%iﬁv@QQMt%ﬁﬂ@s%WﬁnV Bl Qugisyitabhginer.

00 ppm to 2500 ppm. 11. A formulation according to any one of claims
8 to 10 wherein the sealed container is a septum-sealed vial. 12. A

0. CASRRtR faANRUIRMIAlS YRNES IR RBRM S seaphising Suidkpaivnayater
a reaction vessel, and @grts for receiving reagents vials, optignal

coBia-halPLRPIRBh EsfridyLebinip s dRaN SHDrRIAY LIEIRTRRNdRSSs than

108ppen. fluoridated sugar derivative according to any one of claims 8 to 11.

- 14
10. A formulation of a sugar derivative as defined in any one of claims 1 to 4
comprising said sugar derivative, and acetonitrile solvent in a sealed container,
wherein the acetonitrile solvent has a water content of between 1000 ppm and
50000 ppm, suitably a water content of 1000 ppm to 15000 ppm, more suitably
1500 ppm to 7000 ppm, yet more suitably 1500 ppm to 2500 ppm.

11. A formulation according to any one of claims 8 to 10 wherein the sealed
container is a septum-sealed vial.

12. A cassette for an automated synthesis apparatus comprising fluid pathways, a
reaction vessel, and ports for receiving reagents vials, optional solid-phase
extraction cartridges, and further comprising a formulation of a non fluoridated

sugar derivative according fo any one of claims 8 to 1.

- 14 -



